Pathogens in the soil or transmitted by seeds can reduce the stand of plants, affecting the yield of the crop. Furthermore, in the case of rice, the low temperature is a limiting factor in culture. The treatment of seeds with insecticides is an alternative to reduce the damage caused by pests incidents during the early stages of plant development and in some cases, may assist in the germination of seeds exposed to low temperatures. In this sense, the objective of this study was to evaluate the influence of seed treatment with insecticides in the physiological quality and yield of hybrid rice seeds, cv. Inov CL. For this, three experiments were conducted with treated seeds in different doses of thiamethoxam + lambda-cyhalothrin and fipronil totaling seven treatments, including the control (no product). In the first experiment, it was determined seed germination to 10˚C, 13˚C, 16˚C, 20˚C and 25˚C. In the second experiment, it was assessed seed vigor through accelerated aging, cold test and emergency field. The third experiment was carried out into the field to observe the number of panicles m −2 and crop yield. It is concluded that treatment of hybrid rice seeds, cv. Inov CL with thiamethoxam + lambda-cyhalothrin and fipronil increases the germination percentage of seed and early seedling performance. Treatment of hybrid rice seeds, cv. Inov CL with thiamethoxam + lambda-cyhalothrin provides greater germination and early seedling performance compared to treatment with fipronil. Treatment of hybrid rice seeds, cv. Inov CL with thiamethoxam + lambda-cyhalothrin in dosages of 500 mL 100 kg −1 of seeds or 500 mL 45 kg −1 of seeds increases grain yield.
Introduction
Rice (Oryza sativa L.) is a staple food of the population [1] , and the state of Rio Grande do Sul is the main producer of cereal in Brazil (approximately 69%). Its average productivity, in the last harvest, was 7716 kg•ha −1 and its production was 8.64 million of tons. Rice is the third most produced grain in the country, overcomes only to corn and soybean [2] .
The search for higher yields reconciled to the seed quality is a challenge to the growing food needs of the planet. Pathogens in the soil or transmitted by seeds can reduce the stand of plants, causing crop failures, because they can feed of seeds, roots and shoots of plants [3] and thus affect crop yield.
Seed treatment-application processes and substances allowing all cultures express their genetic potential [4] with insecticides, which is a widely adopted practice, giving the plant protection conditions and contributing to the achievement of the desired booth [3] . The treatment of seeds with insecticides is considered a cheap and viable alternative to reducing the damage caused by soil and shoot pests incidents during the early stages of plant development [5] . Within this context, it is becoming common to use insecticides that have physiological activities in plants, with fito-tonic effect, favoring vigorous growth and better use of their productive potential [6] . Furthermore, according Menten [7] , treatment of seeds with insecticides is a practice that is possible to reduce the number of applications of insecticide after emergence of the crop in most cases.
Another limiting factor for rice crop in the Rio Grande do Sul state is the low temperatures in the period of sowing and germination. The optimum temperature for development of the rice is between 25˚C and 30˚C [8] , below that may occur cold stress, which is considered one of the most important abiotic stresses for rice [9] .
The insecticide thiamethoxam has the ability to assist in the initial performance of the seedlings, which are verified in different cultures [10] - [13] and seed yield [14] . The treatment of rice seeds, cv. BR IRGA 428, BR IRGA 424 and Puita INTA CL, with thiamethoxam + lambda-cyhalothrin provided an increase of germination, being the treatment response more pronounced when the test was performed at low temperatures (10˚C and 13˚C) [15] . The treatment of soybean seeds with the insecticides thiamethoxam, fipronil and imidacloprid did not affect negatively the physiological seed quality and initial development of plants [16] .
The state of Rio Grande do Sul has been highlighted by the use of seed treatment, especially with fungicides and insecticides [17] . Furthermore, the adoption of hybrid rice, which has yield 20% -25% higher than the best varieties [18] , has increased in the state in recent years, with higher cultivation to 70,000 ha in 2014 [19] . In this sense, the objective of this study was to evaluate the influence of seed treatment with insecticide thiamethoxam + lambda-cyhalothrin and fipronil in the physiological quality and yield of hybrid rice seeds, cv. Inov CL.
Material and Methods
Hybrid rice seeds, cv. Inov CL, treated with two commercial products called Crusier Opti ® (thiamethoxam + lambda-cyhalothrin) and Standak ® (fipronil) in different doses were used, as shown in Table 1 and considering that the recommended amount of seed for this cultivar is 45 kg•ha −1 . Seed treatment was done using a spray volume of 1.5 L 100 kg −1 of seed, varying the quantities of products and water as each treatment. The spray was deposited on the bottom of a plastic bag with the help of a micropipette and then be distributed inside it. Later, the seeds were added to the bag and shaking manually until the coating with the product stay smooth. Finally, the seeds were removed and spread on plastic trays to dry. Once dried, they were packaged in paper bags and stored under controlled conditions of relative humidity (60%) and temperature (16˚C).
The effect of seed treatment with thiamethoxam + Lambda-cyhalothrin and fipronil was evaluated by three experiments. The first experiment evaluated the germination of seeds under various temperatures. For this 200 seeds per repetition distributed in four rolls of paper for germination with 50 seeds each were used. The paper was moistened with distilled water at a ratio of 2.5 times its dry weight and the seeds were germinated at 10˚C, 13˚C, 16˚C, 20˚C and 25˚C. Counts were performed at 5 and 14 days after sowing, according to the RAS [20] .
The second experiment was to determine seed vigor by the following tests: Accelerated aging (EA%): conducted in plastic boxes type gerbox which seeds were deposited in a single layer on a metal screen suspended within the box containing 40 mL of distilled water. The capped boxes were transferred to BOD (Biochemical Oxygen Demand) chamber at 42˚C for 96 hours. After this period, each replicate with 200 seeds, distributed in four rolls 50 seeds each were placed to germinate in a germination chamber at 25˚C. The count was performed five days after sowing, computing the normal seedlings. Normal seedlings had a well-formed root system and perfect coleoptile with a well-developed leaf (plumule) indoors or emerged this.
Cold test (TF%): accomplished with 200 seeds per repetition distributed in four rolls of 50 seeds each. The rolls containing seeds were packed in plastic bags, which were closed and taken to a BOD chamber at 10˚C and kept in this condition for 7 days. After this period, the rolls were removed from the bags and placed in a germination chamber at 25˚C. The count of normal seedlings was performed after five days.
Emergency field (EC%): conducted using 50 seeds per repetition, which were planted in beds containing soil. The evaluation was performed in a single day, 21 days after sowing.
The third experiment was conducted to observe the crop yield. For this, were conducted an experiment in field, where each experimental unit consisted of a plot of 11.05 m 2 . In each plot were sown 13 lines with a spacing of 17 cm and length of 5 m. The seeding rate was 45 kg•ha −1 and the base fertilization was performed applying 300 kg•ha −1 of 2-15-30. The other cultivations followed the technical recommendations for culture. At the end of the cycle it was determined the number of panicles per square meter and the grain weight corrected to 13% moisture.
The first experiment (germination) was conducted under completely randomized design in 5 × 7 factorial design (five temperatures and seven seed treatments). The second experiment (vigor) was conducted under completely randomized design with four replications and the third experiment (yield) was conducted in a randomized block design with five replications.
Comparing mean of all experiments was performed by Tukey test at 5% probability, and in the case of the first experiment, there was polynomial regression with p < 0.05.
Results and Discussion
As the result of analysis of variance, seed germination responded to the interaction between the two factors, temperature and seed treatment. It can be seen that the seeds treated with thiamethoxam + lambda-cyhalothrin, regardless of the dosage used, showed statistically higher percentage of germination than seeds of other treatments in the five temperatures studied ( Table 2) . Already in treatments where fipronil was used, the percentage of seed germination was statistically equal to the control at 10˚C and higher than this in other temperatures. In a study with bean seeds treated with thiamethoxam, it was found that the product provided increases in germination [21] . Evaluating the treatment of bean seeds with fungicides and insecticides, the researchers observed that in the treatment with fipronil there was a higher percentage of germination [22] .
The optimum temperature range for rice production is between 25˚C and 30˚C, while temperatures below 20˚C are generally detrimental [8] , especially in germination and early stages of seedling development and reproductive [23] . According to Mertz et al. [9] , cold affects negatively the seed germination and the initial performance of rice seedlings. It can be observed that the treatments TR2 (thiamethoxam + Lambda-cyhalothrin: 400 mL for 100 kg −1 of seeds); TR3 (thiamethoxam + Lambda-cyhalothrin: 500 mL for 100 kg −1 of seeds); TR5
(thiamethoxam + lambda-cyhalothrin: 400 mL 45 kg −1 of seeds) and TR6 (thiamethoxam + lambda-cyhalothrin: 500 mL 45 kg −1 of seeds), germinated above 80% at 16˚C, indicating an improvement in germination rice seeds with these treatments when subjected to low temperatures ( Table 2) .
Analyzing the behavior of the different treatments versus temperature (Figure 1) , it is observed that the germination of the seeds increases as the temperature increases, regardless of treatment. However, in treatments that used thiamethoxam + lambda-cyhalothrin, the seeds showed a higher percentage of germination than the other treatments. In addition, it can be seen that the 10˚C, seeds of treatments with fipronil and the control showed a statistically equal germination, but with increasing of temperature the seeds treated with fipronil showed an 
A. S. Almeida et al.

2409
increase higher in germination than control. It also observed that seed treatment with thiamethoxam + lambda-cyhalothrin and fipronil increased seed germination. Rice seeds treated with thiamethoxam, even when exposed to low temperatures (10˚C and 13˚C), had negative effect of cold mitigated, providing increases in the germination of normal seedlings [15] .
Analyzing the vigor of seeds after treatment, through accelerated aging, cold and emergency field tests,it was observed that the treatments containing thiamethoxam + lambda-cyhalothrin showed a statistically superior germination, followed by treatment with fipronil and finally the control ( Table 3) . The thiamethoxam insecticide may have a beneficial effect on seedling vigor [24] , this is because the thiamethoxam has properties of bioactivator [25] . According to Castro and Pereira [26] , an bio-activator is an organic substance that interferes with gene expression, DNA transcription, production of membrane proteins, metabolic enzymes and mineral nutrition. Therefore, it can promote positive responses in the development and plant productivity and increase the synthesis of amino acid precursors, new proteins and endogenous synthesis of plant hormones, with significant increases in production [25] .
Dan et al. [27] studying the physiological performance of soybean seeds treated with insecticides, observed that the treatment with the insecticide fipronil and thiamethoxam not adversely affected the germination and vigor of the seeds. Similarly, Grisi et al. [28] evaluating the effect of treatment of sunflower seeds with fipronil and thiamethoxam, showed no change in the vigor and the emergence. Vanin et al. [29] concluded that the treatments with fipronil, thiamethoxam, thiamethoxam + thiodicarb and imidacloprid + thiodicarb, are suitable for treating sorghum seeds. Further, according to Almeida et al. [10] , treatment with thiamethoxam favors positively the physiological quality of rice seeds, cv. El Paso, BR IRGA 410, IRGA 424 and BR Olimar.
Cataneo [30] noted that the thiamethoxam increases seed germination, photosynthesis rate, the accumulation of dry matter and root depth. Also, Castro [31] reported that this molecule acts in the expression of genes to synthesize and activate enzymes related to plant growth, increasing the production of amino acids precursors of plant hormone. This fact was confirmed by Tavares et al. [32] , who reported that thiamethoxam is a molecule moves through the cells enabling many physiological reactions, e.g., expression of functional proteins related to plant defense mechanisms against stress factors.
Regarding the results of the productive potential of the seeds (Table 3) , it is observed that the grain yield of treatments TR3 (500 mL of thiamethoxam + lambda-cyhalothrin 100 kg −1 of seeds) and TR6 (500 mL of thiamethoxam + lambda-cyhalothrin 45 kg −1 of seeds) was statistically superior to the other treatments, while the control was statistically inferior to all treatments. Also, it can be seen that there is a difference of 2383.2 kg•ha −1 between the TR3 treatment and the control. Nevertheless, in the number of panicles m −2 , the treatment TR3 was statistically superior and the control was statistically lower to the other treatments.
Evaluating the treatment of oats seeds, cv. URS Taura with thiamethoxam, it was concluded that pesticide stimulates the physiological performance and the yield of seeds produced [14] . In rice, Clavijo [33] found increase of the germination, vigor and productivity of seeds treated with thiamethoxam. Means followed by the same letter in the column do not differ by Tukey test with p < 0.05. TR1: Control; TR2: thiamethoxam + Lambda-cyhalothrin (400 mL for 100 kg −1 of seeds); TR3: thiamethoxam + Lambda-cyhalothrin (500 mL for 100 kg −1 of seeds); TR4: fipronil (120 mL for 100 kg −1 of seeds); TR5: thiamethoxam + Lambda-cyhalothrin (400 mL 45 kg −1 of seeds); TR6: thiamethoxam + Lambda-cyhalothrin (500 mL 45 kg −1 of seeds); TR7: fipronil (120 mL 45 kg −1 of seeds).
In general, it can be seen that both products used improved the germination, vigor and productive potential, measured by yield and number of panicles m −2 , of the seeds treated compared to untreated.
Conclusions
Treatment of hybrid rice seeds, cv. Inov CL with thiamethoxam + lambda-cyhalothrin and fipronil increases the percentage of seed germination and early seedling performance.
Treatment of hybrid rice seeds, cv. Inov CL with thiamethoxam + lambda-cyhalothrin provides greater germination and early seedling performance compared to treatment with fipronil.
Treatment of hybrid rice seeds, cv. Inov CL with thiamethoxam + lambda-cyhalothrin in dosages of 500 mL 100 kg −1 seeds or 500 mL 45 kg −1 of seeds increases grain yield.
